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^Results  after  22!  days  in  orbit  of  the  solar  cell  experiments  aboard  the 
NTS-2  satellite  are  presented.  The  objective  of  the  solar  cell  experiment, 
consisting  of  fifteen  (IS)  separate  experiments  of  live  cells  each.  Is  to 
evaluate  the  performance  of  state-of-the-art  solar  cells  In  the  space  environ- 
ment. These  experiments  will  answer  questions  that  have  arisen  from  the  pre- 
vious NTS-1  solar  cell  experiments  such  as:  the  need  for  ultraviolet  rejection 
filters  in  space  solar  cell  systems,  space  qualification  of  (continued) 
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e led  rost  at  ic  bonding  techniques  tor  solar  cell  covers  l Ides,  and  the  improved 
efficiency  to  be  realized  from  the  use  of  textured  cell  surfaces.  In  addition 
a gallium  arsenide  (CaAlAs/CaAs)  solar  cell  module  is  being  ! light  tested. 

The  average  value  of  l,Sl.  measured  in  space  on  the  ilrst  day  of  exposure 
agreed  with  solar  simulator  values  to  within  1.41)+  0.99  percent.  The  agree- 
ment between  V0c  In  space  with  solar  simulator/ val  ues  was  1 . .’4  + 1 .OH  percent. 

t f'l  ~ ^ 

After  22  1 days  in  orbit,  the  loss  in  power  ranged  from  4.6  percent  to  46 . S 
percent  with  the  exception  of  the  Solarex  "low-cost  space  cell"  which  became 
open-el rcu lied  on  the  69th  day.  Results  are  given  ol  the  changes  in  the 
photovoltaic  parameters  ot  each  of  the  experiments. 
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Results  ot  tilt1  Solar  i’o  1 1 Experiments  on 
the  NTS-J  Satollito  Alter  i Oavs  in  Orbit* 


background 

rite  Navigation  Technology  Sate  1 life- Two  (NTS-J)  is  the  second  in  a 
series  ot  developmental  satellites  that  are  forerunners  ot  the  NAVSTAR 
Global  Posit  toning  System  (.GPS)  . NAVSTAR  GPS  is  being  developed  as  a 
group  ot  satellites  that  will  use  passive  ranging  techniques  combined 
with  highly  accurate  clocks  to  provide  ext  rente lv  accurate  navigation 
capability  to  ships,  aircraft,  ground  forces  and  other  users  ds  hours  a 
dav , worldwide  in  anv  kind  ot  weather.  The  GPS  satellites  will  occupy 
various  positions  in  orbit  affording  three-dimensional  navigational 
information,  i.e.,  longitude,  latitude,  and  altitude.  NTS-J  was  launched 
J 1 dune  1^77  into  a twelve-hour  circular  orbit  .10,19.1  km  high  at  an 
inclination  of  oiJ. 

The  tlPS  satellites  are  powered  bv  solar  cells.  The  radiation  which 
solar  cells  encounter  in  space  produces  defects  in  the  semiconductor 
materials  that  cause  a reduction  in  the  solar  cell  power  output.  There- 
fore, in  order  to  iiralist  the  expected  lifetime  ot  a satellite  mission, 
it  is  necessarv  to  know  quantitatively  the  effects  ot  radiation  on  solar 
cells  in  space.  Although  numerous  measurements  ot  solar  cells  have  been 
made  in  the  laboratory , 1-ld  it  is  more  significant  to  observe  solar  cell 
degradation  in  the  actual  space  environment. 

There  are  fifteen  (15)  solar  cell  experiments  aboard  NTS--’.  These 
experiments  are  designed  to  compare  initial  space  performance  with  pre- 
launch ground  data,  to  measure  degradation  rates  throughout  the  t light, 
and  to  determine  the  radiation  resistance  ot  several  types  ot  experimental 
and  advanced  design  solar  cells.  These  experiments  will  also  answer 
questions  that  have  arisen  from  the  NTS— 1 l 1 — 1 ' solar  cell  experiments, 
such  as:  the  need  for  ultraviolet  rejection  filters  in  space  solar  cell 
systems,  space  qua! if i cat  ion  of  elec t ros tat ic  bonding  techniques  for  solar 
cell  coverslips  and  the  improved  efficiency  to  be  realised  t torn  the  use 
of  textured  cell  surfaces.  In  addition,  a gallium  arsenide  (G.tAlAs  G.iAs) 
solar  cell  module  is  being  flight  tested.  Each  of  the  fifteen  separate 
experiments  consists  of  an  arrav  of  five  - cm  x J cm  state-of-the-art  solar 
cells  with  all  experiments  linked  to  an  electronics  package  which  measures 
the  entire  photovoltaic  l-V  curve  of  each  experiment  in  sequence. 


*This  work  is  partially  supported  bv  the  Space  Applications  Branch  ot  the 
Naval  Research  Laboratory,  bv  the  Air  Force  Aero  Propulsion  Laboratory, 
and  bv  the  Space  and  Missile  Systems  Organic.at  ion. 
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Summary  a I Progress 

This  report  covers  the  analysis  ot  data  from  the  NTS -7  sol  n cell 
flight  experiments  through  Its  tlrst  77'  davs  in  orbit  . This  period  began 
7 Julv  ld77  when  the  solar  paddles  were  deployed,  exposing  the  solat  cells 
to  the  total  space  environment.  figure  Ital  shows  the  solar  ce 1 1 paddles 
as  they  were  folded  during  launch  and  Fig.  lfb>  shows  the  snn-or ient ed 
paddles  after  they  were  deplored.  Hie  placement  ot  the  solar  cell  experi- 
ments on  the  hodv  of  the  satellite  Is  shown  in  Fig.  7lal.  A close-up 
view  of  the  modules  as  mounted  on  the  two  one-quarter  Inch  aluminum  honey- 
comb panels  is  she  wit  In  Flit.  J(,M.  A list  of  these  experiments  Is  given 
In  Table  I. 

The  current -vo 1 tage  characterlst  ies  ot  the  solar  cell  arrays  are 
telemetered  In  real  time  as  the  satellite  passes  over  the  tracking  station 
at  Blossom  Point,  Maryland.  A typical  I -V  curve  after  corrections  for 
solar  aspect  angle,  solar  Intensity  fdav-ot-the-vear'  ami  corrected  to  nt'V 
is  shown  In  Fig.  1.  Hie  average  value  ot  the  short -c l rout t current  fisc' 
measured  In  space  on  the  first  dnv  ot  exposure  agreed  with  the  solar  simu- 
lation values  to  l.-ll  + O.oo  percent.  The  agreement  between  the  open- 
circuit  voltage  tVlU.f  on  Initial  space  exposure  and  the  solar  simulator 
values  was  1.74  +•  7.07  percent.  These  results  are  shown  in  Table  11  and 
Table  III,  respectively. 

Purlng  the  first  77'  davs  in  orbit.  Experiment  ^S,  the  Solarex  "low- 
cost  space  cell"  has  ceased  functioning.  Fortunately  this  failure  occurred 
during  a time  while  data  were  being  recorded,  allowing  the  abrupt  manner 
in  which  It  tailed  to  be  observed.  The  data  Indicate  an  open-o t rcu i t ed 
condition.  The  suddenness  of  the  failure  which  occurred  on  day  to*  is 
shown  In  Fig.  s . 

Following  a large  and  rapid  drop  in  the  maximum  power  t l'm.lx!  output 
of  the  Solarex  vertical  junction  cell  around  duv  IS'',  as  shown  in  Fig.  S , 
the  power  output  of  the  cells  seems  to  have  stabilised.  The  vertical 
junction  cell  started  out  as  an  efficient  solar  cell  with  a beglnu  ittg-o  t - 
lift'  (BOL1  maximum  power  of  oJ  mW  at  h)‘V.  The  vertical  junction  ce  1 1 is 
not  yet  a production  type  cell;  the  data  indicate  tlie  need  for  further 
development.  When  the  vertical  junction  solar  cell  readies  its  full 
potential,  it  will  be  a radiation  hardened  cell  with  high  etflclencv.  Hie 
performance  of  this  cell  will  continue  to  be  studied  witli  great  Interest. 
The  decrease  In  Pmax  output  of  the  vertical  Junction  cell  hv  day  77'  was 
■tf.  i percent.  Results  of  thermal  testing  presently  under  investigation 
at  the  Air  Force  Aero  Propulsion  Laboratory  Indicate  that  the  large  drop 
Pmax  Wt>  have  observed  Is  probably  due  to  thermal  degradation  ot  tt>e 
eont  act . 


!•'{>;.  In  - I'he  NTS -2  satellite  with  solar  paddles 
folded  during  lmmcli 


j.- 1 ^ . lb  - The  NTS  2 satellite  with  solar  arrays  deployed 
and  showing  the  loeat  Ion  ot  the  two  solar  cell  experiment 


I able  I N'lS 2 Solar  < <-ll  experiments 
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Fig.  3 - A tvplcal  current-voltage  data  curve  as  received 
from  the  NTS-2  satellite,  corrected  for  solar  Intensity, 
sun  angle  and  to  a temperature  of  50°C 
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These  data  have  been  corrected  to  50^0  at  one-sun  and  air  mass  zero  (AMO). 


Table  111  — NTS-2  Open-Circuit  Voltage  Output  for  Solar  Cell  Experiments 


CERIA  MICROSHEET  COVERSLIP  0.025  cm 
CELL  TEMPERATURE  50°C 

ESTIMATED  ANNUAL  FLUENCE:  2 x 1014  1-MeV  e/cm 


DAYS  IN  ORBIT 

Fig.  4 - Maximum  power  degradation  of  the  Solarex  "low-cost  space  cell"  normalized  to  4 cm' 


After  223  days  in  orbit,  the  other  solar  cell  experiments  continue 
to  generally  function  well.  Among  the  experiments  of  primary  interest 
is  the  Spectrolab  "Helios"  cell.  This  cell  was  space  qualified  as  one 
of  the  experiments  aboard  the  NTS-1  satellite.  The  "Helios"  cell  is  pre- 
sently in  use  as  the  main  power  source  on  NTS-2  and  is  in  use  in  other 
satellite  programs.  As  of  day  223,  the  maximum  power  output  of  the 
Spectroiab  Helios  cell  (NTS-2)  has  decreased  by  12.7  percent.  The  maximum 
power  versus  days  in  orbit  for  this  experiment  is  shown  in  Fig.  6. 

The  gallium  arsenide  cell  is  a high-efficiency  solar  cell  that  is 
expected  to  be  radiation  hardened  and  therefore  quite  durable  for  space 
applications.  The  problems  of  surface  recombination  and  low  lifetime  in 
the  diffused  region  are  largely  overcome  by  the  addition  of  a GaAlAs 
window.  An  array  made  up  of  Hughes  Research  Laboratory's  gallium  arsenide 
( GaAlAs/GaAs)  solar  cells  comprises  Experiment  #15  on  NTS-2. 

As  shown  in  Fig.  7,  the  initial  degradation  in  the  gallium  arsenide 
cells  was  observed  to  begin  to  anneal  after  28  days  in  orbit  and  continued 
until  about  day  80.  The  annealing  mechanism  may  be  operating  to  some 
extent  as  radiation  damage  accumulates  in  the  cell.  This  may  explain  why 
the  gallium  arsenide  cell  degrades  at  a slower  rate  than  the  other  types 
of  cells.  Although  the  gallium  arsenide  cell  was  not  the  cell  with  the 
highest  BOL  power  (see  Table  IV) , if  the  present  relative  degradation  rate 
continues,  the  GaAs  cell  may  have  the  highest  end-of-life  power  after  3 
years.  At  present  its  maximum  power  output  has  decreased  to  58.6  mW,  a 
decrease  of  only  4.6  percent.  The  maximum  power  of  the  gallium  arsenide 
cell  versus  days  in  orbit  is  shown  in  Fig.  7.  During  the  mission,  the 
maximum  temperature  of  the  solar  cell  panel  has  gradually  increased  from 
71.5°C  on  day  28,  when  evidence  of  annealing  began,  to  101. 4°C  on  day  223. 
The  average  temperatures  of  the  two  solar  cell  panels  versus  days  in  orbit 
is  given  in  Fig.  8. 

The  Comsat  textured  cell  was  flown  with  and  without  an  ultraviolet 
rejection  filter  in  order  to  evaluate  the  effect  of  the  filter.  Figure  9 
shows  the  degradation  of  the  Comsat  textured  cell  in  both  configurations. 
Although  the  two  arrays  start  with  approximately  the  same  beginning-of- 
life  short-circuit  current,  the  Isc  of  the  cells  with  the  uv  filter 
(Experiment  #6)  degraded  only  9.1  percent.  However,  the  Isc  of  Experiment 
#5  without  the  uv  filter  is  down  by  30.6  percent.  This  amount  is  much 
greater  than  was  expected  solely  from  the  absence  of  the  uv  filter.  There 
may  be  another  degradation  factor  involved  which  is  so  far  unexplained. 
Laboratory  experiments  indicate  that  solar  cell  degradation  from  ultra- 
violet light  is  of  the  order  of  2 to  4 percent.  The  damage  occurs  during 


11 


CERIA  MICROSHEET  COVERSLIP  0.025  cm 
CELL  TEMPERATURE  50°C 

ESTIMATED  ANNUAL  FLUENCE:  2 x 1014  1-MeV  e/cm 


Maximum  power  degradation  of  the  Spectrolab  Hellos  cell  normalized  to  4 cm' 


CORNING  7940  FUSED  SILICA  COVERSLIP  0 0306  cm 

CELL  TEMPERATURE  50  °C  95  'C 

ESTIMATED  ANNUAL  FLUENCE  2 / 10U  1 Mc-V  e/cm 


Hughes  gallium  arsenide  cell.  P is  normalized  to  4 cm' 


Table  IV  — NTS-2  Maximum  Power  Output  for  Solar  Cell  Experiments 
Maximum  Power  Output  (rnW/4  em^)* 


Q ^ 
q a 


- I 

O 3 

& E 
• « 
C/2 


V c 3 
Cl.  V ^ 

x E ^ 
uj 


cd  r-  o 
« oi  H 


!N  lO  C£> 
CM  CO  © CO 

i—t  'T  O r— t 


lO  00 
00  lO 


00  CO  lO 

CO  O 00 
lO  ^ lO 


© CM  r-j  © 
CM  CM  CO  © 
> cC  vC  l> 


r-» 

q 

rt* 

q 

rH 

i-H 

q 

o 

iO 

CM 

00 

r- 

CM 

TP 

CM 

© 

00 

o’ 

cd 

t— 

oo 

iO 

iO 

uO 

iO 

to- 

t> 

CO 

CO 

CO 

co 

lO 

c c/3  •*  •“ 

.a 

V 2 >>  >.  »* 

| « = =5 

3 -3  x x 

CM  11  D 4) 


s;  cs  «» 

cj  "3  3 

S,  t* 

—H  *-»  +-> 

a W> 

U 

0 M 72  i 


. o 

cn  c 

>4  V 

H > 


C/2 

r ' ^ 

^ < 


CM  © iO  CO 
CO  00  lO  rr 


H JO  00  TP 

CM  CO  00  1-t 
TT  T CO  CO 


q q co  q 

CM  C—  OO  O 
Tf  rf  ^ h 


zj  ^ 

35  -*  w a>  *-i  — ■ 

c j jj-o  « j 

43  o S.  o £u 

as  O C/2  T3  c/2 


co  oo  © Or-i  cm  oo  rr 


These  data  have  been  corrected  to  50  C at  one-sun  and  air  mass  zero  (AMO) 


CORNING  7940  FUSED  SILICA  COVERSLIP 

CELL  TEMPERATURE  50°C 

ESTIMATED  FLUENCE:  2 x 1014  1-MeV  e/cm 


► - Short-circuit  current  degradation  of  the  Comsat  textured  cell  both  with  and 
without  an  ultraviolet  rejection  filter.  Data  are  normalized  to  4 cm^. 


the  first  few  days  or  weeks  due  to  darkening  of  the  adhesive.  Perhaps 
the  laboratory  experiments  were  not  extended  long  enough  or  perhaps 
there  is  some  defect  in  the  adhesive  used  in  this  case.  If  the 
degradation  seen  in  the  Isc  of  these  cells  were  caused  by  particle 
radiation  in  the  cell,  the  Voc  would  be  severely  degraded.  Figure  10 
shows  that  the  Voc  of  the  cells  with  and  without  uv  filter  is  essentially 
the  same,  and  the  fill  factor  of  Experiment  ;/5  is  also  unaffected.  Tire 
knee  of  the  I-V  curve  would  be  noticably  "softened"  it  the  cells  had 
suffered  radiation  damage. 

Experiments  #3  and  >‘4  compare  the  effects  of  removing  the  ultraviolet 
rejection  filter  from  the  Spectrolab  textured  hybrid  cell.  The  coverslide 
in  Experiment  »f4,  the  one  without  the  uv  filter,  is  bonded  with  FEP  Teflon. 

Since  there  is  no  adhesive  to  darken,  the  absence  of  a uv  filter  should 
have  no  effect.  The  data  presented  in  Fig.  11  indicate  that  there  is  little 
difference.  The  experiments  began  with  a BOL  maximum  power  of  53.5  mW 
and  55. a mW,  respectively.  At  present,  the  Pmax  of  ‘3  with  a uv  filter 
is  down  to  47.5  mW  (11.0  percent)  and  ;‘4  without  a uv  filter  is  down  to 
50.5  mW  or  8.8  percent. 

The  percent  losses  in  the  photovoltaic  parameters  of  all  the  experiments  / 

may  be  compared  in  Table  V. 

Prior  to  launch,  it  was  estimated  that  the  trapped  radiation  t'luence 
of  electrons  and  protons  in  NTS-2's  twelve-hour  b3  degree  orbit  would  be 
equivalent  to  2 x 10  ^ 1-MeV  electrons/cm--vear . The  effect  of  the 
natural  trapped  radiation  environment  was  calculated  from  data  available 
from  the  National  Space  Science  Data  Center,  NASA. 15,16  Computerized 
calculations  were  made  of  solar  cell  I-V  curves  as  a function  of  temperature 
and  coverslip  thickness,  using  a program  developed  for  NASA  Goddard  Space 
Flight  Center.  In  this  environment  the  solar  cells  in  the  power  paddles, 
consisting  of  Spectrolab  Helios  cells  covered  with  0.025  cm  ceria  micro- 
sheet, would  lose  26  percent  in  maximum  power  over  the  satellite-design 
life  of  three  years. 

The  solar  cell  experiments  have  been  in  orbit  a sufficiently  long 
time  to  experience  enough  radiation  damage  to  allow  one  to  make  predictions 
of  future  damage  rates.  The  fluence  of  equivalent  1-MeV  electrons/cm- 
experienced  by  four  (4)  selected  groups  of  solar  cells  by  day  200  is 
tabulated  in  Table  VI . The  corrected  space  data  for  these  experiments 
are  shown  in  Figs.  12-15.  The  experimental  results  from  these  experiments 
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CORNING  7940  FUSED  SILICA  COVERSLIP 

CELL  TEMPERATURE  50°C 

ESTIMATED  FLUENCE:  2 x 1014  1-MeV  e/cm 


CORNING  7940  FUSED  SILICA  COVERSLIP  0.0152  cm 


Table  V — NTS-2  Solar  Cell  Experiments 
Summary  of  Changes  in  Photovoltaic  Parameters* 
Percent  Loss  Day  1 to  Day  223 
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Table  VI  — NTS-2  Equivalent  Fluence  ( 1 - MeV  e cm"  t Predictions* 


OCLI  Conventional  2 11 -cm.  10  mil  cell,  12  mil  FS  Coverslip 


BOL 

Fluence 
at  200  days 

Fluence 
at  1 yr 

Fluence 
at  3 yr 

1* 

136.0  mA 

1.5  X 10“ 

2.7  X 10“ 

8.2  X 10“ 

v,c 

548  mV 

3 X 1013 

5.5  X 1013 

1.6  x 10“ 

Pm 

56.5  mW  4 cm- 

1.3  x 10“ 

2.4  X 1014 

7.1  x 10“ 

Spectrolab  Helios,  10  SI -cm.  9 mil  cell.  10  mil  Cena  Coverslip 

BOL 

Fluence 

Fluence 

Fluence 

at  200  days 

at  1 vr 

at  3 yr 

■ 

lsc 

154  mA 

1.3  X 1014 

2.4  X 10“ 

7.1  X 10“ 

V„0 

545  mV 

1 X 1013 

1.8  x 1013 

5.5  X 1013 

Pm 

60.5  m\\74  cm- 

9 X 1013 

1.6  X 10“ 

4.9  X 10“ 

Spectrolab  Textured  Hybrid,  8 mil  cell.  6 mil  FS  Coverslip 

Fluence 

Fluence 

Fluence 

dul 

at  200  days 

at  1 yr 

at  3 yr 

l* 

156  mA 

5.0  x 10“ 

9.1  X 10“ 

2.7  X 1015 

522  mV 

5.0  X 10“ 

9.1  x 10“ 

2.7  X 1013 

Pm 

53.8  m\V  4 cm- 

3.3  x 10“ 

6.0  x 10“ 

1.8  X 101S 

OCLI  Violet 

BOL 

Fluence 

Fluence 

Fluence 

at  200  days 

at  1 yr 

at  3 vr 
* 

I* 

166  mA 

1 X 1013 

1.8  X 10“ 

5.5  X 10“ 

552  mV 

2 X 1013 

3.7  X 1013 

1.1  X 10“ 

Pm 

67.5  mW  4 cm- 

7.5  X 1013 

1.4  X 10“ 

4.1  X 10“ 

•oil  data  at  50  C 


CORNING  7940  FUSED  SILICA  COVERSUP  0.030  cm 
CELL  TEMPERATURE  50*'C 

ESTIMATED  ANNUAL  FLUENCE:  2 x 1014  1 MeV  e/cm 


CERIA  MICROSHEET  COVERSLIP  0.025  cm 
CELL  TEMPERATURE  50°C 

ESTIMATED  ANNUAL  FLUENCE:  2 x 1014  1-MeV  e/cm 


D A i’S  l*.  OP.blT 


r 


indicate  a more  severe  radiation  environment  than  predicted.  These  data 
were  used  to  predict  the  estimated  annual  flue nee  and  the  fluence  over 
1 vears.  The  predictions  were  made  according  to  cell  type  of  each  group 
individually  using  curves  published  bv  the  Jet  Propulsion  Laboratory^ 
and  updated  computer  models  developed  by  NASA.^’“®  The  OCLI  2 ohm-cm 
cell  is  used  as  a reference  because  the  effects  of  electron  radiation  on 
these  cells  have  been  studied  extensively.  The  Spectrolab  Helios  cell  Is 
being  considered  for  the  power  system  for  MTS-1.  The  Spectrolab  hybrid 
cell  and  the  OCLI  violet  cell  are  also  being  studied  as  possible  choices. 

The  relative  degradations  of  the  cells  mentioned  above,  as  calculated 
for  day  100,  and  predicted  for  1 year  and  .1  vears,  are  shown  In  Table  VII. 
It  is  worth  noting  that  Goldhammer  in  the  present  experiment  on  ATS-b-1 
observed  a greater  ceil  damage  in  a synchronous  orbit  than  had  been  pre- 
dicted bv  previous  experience. 

Although  the  reason  for  the  greater  degradation  is  not  yet  fully 
explained  in  our  case  it  may  be  associated  with  the  inadequacy  of 
existing  computer  codes  to  model  the  space  environment  as  it  actually 
exists . 

Solar  data  are  being  recorded  weeklv , and  monthly  updates  of  processed 
data  are  prepared.  The  experimental  panel  temperature  has  stabilized 
near  100® C. 

Con elusions 


The  NTS-2  solar  cell  flight  experiments  are  operating  quite  success- 
fully. Cood  quality  data  in  the  form  of  l-V  curves  are  being  received. 

The  results  indicate  areas  where  further  study  is  needed.  Hie  fact  that 
a more  severe  radiation  environment  than  was  predicted  is  being  experienced 
emphasizes  the  need  for  improvements  in  the  computer  codes  that  are  used 
to  make  such  predictions.  The  MTS-2  experiments  are  extremely  important 
to  future  satellite  programs  because  they  provide  the  opportunity  to 
continue  the  evaluation  of  several  tvpes  of  high  efficiency  solar  cells 
in  a hard  radiation  environment,  and  to  also  make  a direct  comparison  to 
a flight-quality  conventional  solar  cell  and  to  the  Helios  cell  which  was 
flight  qualified  on  NTS-l. 

Ac  k now  1 e d ge  me  n t s 

The  author  expresses  her  appreciation  to  the  following  people  for  their 
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Branch;  J.A.  Wise  of  the  Air  Force  Aero  Propulsion  Laboratory;  J.F.  Allison 
of  COMSAT  Laboratories ; R.J.  Lambert,  Code  on23,  for  his  help  in  data  reduction; 
and  B.J.  Faradav,  Head,  Radiation  Effects  Branch.  The  suggestions  and  en- 
couragement from  Mr.  Richard  L,  Sratler,  Section  Head,  are  especially 
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l'.ible  VII  1’eivent  of  I*.,  V,,,.  ami  1 max  Remaining  alter  200  Pays  m Orbit 
,uw!  Predict toils  for  Percent  Remaining  at  l yr  tuui  3 y rs* 


Ot’1.1  Conventional,  2 ,\2  cm.  10  mil  cell,  12  mil  FS  Coverslip 


Relative 
1 Validation 
at  200  ilavs 


Relative 
Degradation 
at  1 vr 


136.0  m A 
548  mV 

fi6.ii  ni\V  4 cm* 


S|i«vtrolab  Helios.  10  ll  -cm,  0 mil  cell,  It)  mil  IVria  ('overslip 


Relative 

Degradation 

at  3 vrs 


I 


Relative 
Degradation 
at  200  days 


1 54  m A 
545  mV 
60.5  inW  4 i-m- 


Speetrolab  Vestured  Hybrid,  S mil  cell.  6 mil  FS  Coverslip 


Relative 
Degradation 
at  1 vr 


Relative 
Degradation 
at  3 vrs 


Relative 
Degradation 
at  200  davs 


Relative 
Degradat  ion 
at  1 vr 


156  m A 
522  mV 

53.8  m\V  4 oni- 


Relat  iv  e 
Degradation 
at  3 vrs 


H 


tH'l.l  Violet.  10  mil  eel!.  12  mil  FS  I'overslip 


Relative 
Degradation 
at  200  days 


R elat  ive 
Degradation 
at  1 vr 


Relative 
Degradation 
at  3 vrs 


166  m A 
552  mV 

67.5  mVV  4 nil- 


•iVll  .tala  at  f>0  C 
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